The genetic characteristics among Escherichia coli strains can be grouped by origin of isolation. Then, it is possible to use the genotypes as a tool to determine the source of water contamination. The aim of this study was to define water aptitude for human consumption in a rural basin and to assess the diversity of E. coli water populations. Thus, it was possible to identify the main sources of fecal contamination and to explore linkages with the hydrogeological environment and land uses. The bacteriological analysis showed that more than 50% of samples were unfit for human consumption.
INTRODUCTION
The water quality is strongly influenced by urbanization, livestock and agricultural activity in agroecosystems.
Increasing public concern over access to clean water has led to improve water source protection and management activities. Rural environments present unique challenges because they serve as water sources for a variety of activities (e.g. drinking water for humans and livestock, irrigation and recreation). Furthermore, both point and non-point sources of microbial pollution may be found (e.g. livestock operations, household septic systems and wildlife) (Chin ;
Sinclaira et al. ).
Identifying sources of fecal pollution in waters is necessary to reduce the potential for human contact with enteric pathogens. Bacterial indicator organisms are commonly used to assess the presence of enteric pathogens in the water. The most common indicator microorganisms are fecal coliforms (FC) and its subgroup Escherichia coli.
These microorganisms share a common feature: they all can inhabit the intestines of warm-blooded animals, including wildlife, livestock and humans, and therefore they can be excreted in the feces (Ibekwe et al. ; Carlos et al. ) .
However, E. coli presence in contaminated water will not provide information as to the actual source of contamination. This information is important, as fecal contamination resulting from human sources will establish a high public health risk because of the possible presence of pathogenic organisms. Additionally, if the fecal source is known, suitable management actions can be implemented to prevent further contamination and to mitigate the health risks (Harwood et al. ) .
While E. coli has diverse genotypic and phenotypic characteristics, some are shared among strains exposed to similar environments due to selection pressure. If some of the characteristics among E. coli strains can be grouped by origin of isolation, then it is possible to use these genotypes as a tool to determine the source of unknown bacteria. The The PCR products were separated by horizontal gel electrophoresis on a 1.5% agarose gel. Gels were stained in 0.5 μg/ml ethidium bromide solution and the gel images were taken in a MiniBisPRO in TIF Format. The Rep-PCR fingerprints of the isolates were normalized with a 1 kb DNA ladder.
Statistical analysis
The Rep-PCR fingerprints were subjected to cluster analysis using the SPSS, v.11.5. software. This analysis was also used to evaluate the similarity of the strains. In this program, the obtained results were converted to a two dimensional rectangular matrix data of binary codes for all E. coli strains, [þ] for presence and [-] for absence of the PCR product band.
The relationship between the fingerprints was estimated by the proportion of shared bands using the Dice coefficient and dendrograms were generated using the UPGMA 
RESULTS

Groundwater and surface water quality
The results of bacteriological analysis of groundwater samples are shown in Table 1 . It was seen that 53 per cent of samples were unfit for human consumption taking into account all the general bacteriological indicators. FC and E. coli were detected as evidence of fecal contamination.
Thus, seven wells were positive for FC (range, 4-430 MPN/ 100 ml) and eight wells were positive for E. coli. B17, B31 and B43 wells were greatest affected by the bacteriological contamination. The results of bacteriology analysis of surface water samples are shown in Table 2 . It was detected that three samples were positive for FC (range, 75-2,100 MPN/ 100 ml) and all the samples were positive for E. coli.
E. coli recovery from surface water and groundwater
From the 41 water samples extracted, 17 strains were confirmed as E. coli by biochemical tests, from which eight were isolated from groundwater and nine from surface water. The land use activities neighboring the sites where the E. coli strains were isolated are listed in Table 3 . The total E. coli (n ¼ 17) isolates produced high quality BOX-PCR fingerprinting and generated DNA fragments 
Analysis of BOX-PCR DNA fingerprinting patterns
Cluster analysis of E. coli BOX-PCR fingerprints
To determine the relatedness of strains, a dendrogram based on BOX-derived fingerprint data was constructed (Figure 3) .
The cluster highlights that the BOX-PCR results show a high 
M51 (1) M51 (2) homogeneity within the group. From all the isolates, three represented individual genotypes M37(2), M170 and M51(1), and the other 14 were grouped in two different cluster. As shown in Figure 3 , each group has a characteristic number of strains as well as separate inter-and intra-group similarity relations. Cluster 1 is formed by eleven isolates (64.7%) related to four different BOX-PCR patterns. Eight isolates had the same genotype. This cluster was made up of strains isolated from surface water and groundwater from the Knutzen basin. Cluster 2 was composed of three isolates, where two (M184 and M182) were grouped in a subcluster with high similarity (90%).
DISCUSSION
Bacteriological groundwater quality measurements were compared with the AFC water quality standards. The results indicated that 50% of the samples were unfit for human con- 
CONCLUSIONS
In the present study, the bacteriological analysis showed that more than 50% of water samples were unfit for human consumption.
The genetic diversity DNA fingerprinting analysis by BOX-PCR indicated low genotypic diversity of E. coli isolates from surface water and groundwater. The low genetic diversity suggested the presence of a dominant source of fecal contamination in the Barranquita-Knutzen basin.
The relationship between low genotypic diversity of E. coli and land use in the basin would prove that water contamination comes from livestock.
The genetic diversity of E. coli isolated from surface water was less than that identified in groundwater. This is influenced by the water body characteristics, considering that the stream samples are hydraulic linked whereas in the aquifer the samples are less hydraulic connected taking into account the different groundwater flow line directions. Moreover, the different local lithologies and geochemical water types in the aquifer may generate diverse microcosms in bacteria population.
The analysis of genetic diversity by BOX-PCR demonstrates that the hydrological dynamics have a great influence on microbial distribution. Accordingly, the water divide between the two sub-basins controls the two big different strains groups, showing that hydrological features can exert selective pressure on bacteria DNA.
